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Commissioner for Patents 

United States Patent and Trademark Office 

P.O. Box 1450 

Alexandria, VA 22313-1450 

U.S.A. 



Dear Sir. 

KRROttS NOTKP IN APPLICATION FDT J AWING PUBLICATIQM 

RE: United States Patent Application Serial No. 10/796,152 
Title: CARRIER LOCK DETECTOR 
Inventors: Kuang Tsan Wu et aL 
Assignee: Nortel Networks Limited 

OnrFae; 9-13528-215US . 

A review of ihe above-identified patent application following publication has identified the 
following errors in the application: 

In the publisbed application, the following paragraphs and claims should be amended to 
show a format of the equations as they appeared in the application as filed: 

(0014] FIG. 2 shows an J/Q plot 50 of a prior-art lock detection algorithm 
implemented on a QPSK or 4-QAM system. Centered about four nominal states 52 
are four filst areas 54 defined by (/z ©/j) ^, ©fis)- Adjacent to the first areas are 
second areas 56 defined by /jffi^ aefij. If a detected signal has I and Q 
components that map onto one of the four areas 54 surrounding the nominal states 
52, a first signal is generated. If the detected signal has I and Q components that 
map onto one of the second areas 56, then a second signal is generated. The 
difference between the first and second signals is compared with a threshold value. 
If the difference exceeds the Aresbold, then a carrier look detection signal is 
generated. 

[0020] In embodiments of the invention, the first areas and the second areas are 
defined in terms of I|, I2, 13 and Qu Qi. Qb- A first algorithm defines the first areas 
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by (/,e/3).(fi,ea) the second areas by 

Q©a -(^15:;^+ wO+S^l-feaa +Qaa)- a second algorithm defines the fust 
areas by (^©ij^^s) second areas by 

[00371 The present invention provides a carrier lock detector for QPSK or 4-QAM. 
A carrier lock detector for a QPSK or 4-QAM systen^ implements a lock detection 
algorithm in which I and Q components are mapped onto a phasor diagram. First 
areas are defined to be centered about nominal states whereas second areas arc 
defined adjacent to the first areas. When detected sigiials map onto one of the first 
areas, a first signal is generated When detected signal'^ map onto one of the second 
areas, a second signal is generated. When the difference between the first and 
second signals exceeds a threshold, a carrier lock detection signal is generated to 
enable a decoder. The first areas are defined by (/, ^h^i^ii^Qt)- The second 
areas are defined by Q ®Qj • klj, +/,/,/3)+Pt®A) (lQaa +aQ7a), or alternatively, 
by (/, ©/j -gj® fisj+fe ©Qz • A ® a)- The carrier lock detector is able to detect 
carrier lock or carrier spinning at raw BER of le-2 or greater at very low SNR. 

[0045] The I bits 116 and Q bits 1 18 are then process'ed by logic gating 120 of the 
carrier lock detector 100. In the first embodiment, the logic gating 120 implements 
the first lock detection algorithm in which the : first areas are defined by 
(/, ©/,)-(2,©<93) and the second areas are defined by 
Q©a The portion of the logic gating that 

determines whether a detected signal maps onto one of the first areas constitutes a 
first counter. The portion of the logic gating that determines whether a detected 
signal maps onto one of the second areas constitutes a second counter. 

[0047] For defining the second areas, Qi and Q2 are fii^t processed by a NOT-XOR 
gate 123 while Ii and I2 are processed by another NOT-J^R gate 124. Meanwhile, 
three NOT gates 125 convert Ii, I2 and I3 into 7^",/^ and , respectively. Likewise, 
another three NOT gates 126 convert Qi, Q2 and Q3 into Oi^Q^ and . A pair of 
AND gates 125a produce iJJ^ and T,IJ^ which arejthen logically added using an 
OR gate 125b. Another pair of AND gates 126aprodiice Q^Q^Q, and aQifij which 
are then logically added using another OR gate 126b. jThe outputs of the NOT XOR 
gate 123 and the OR gate 125b are then logically multiiplied using an AND gate 128. 

I 
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Likewise, the outputs of the NOT XOR gate 124 and Ihe OR gate 12^ ^^^^^f^ 
logically multiplied using another AND gate 129. Finally, the outputs of the AND 
gates 128, 129 are logically addedusing an OR gate:. 130 to give the final result 

Q 



tes 128, 129 are lo gically ad ded u sing an t 



[0053] FIG. 8 is an I/Q plot 50 of the first lock detection algorithm in accordance 
with the first embodiment of the present invention. The I/Q plot 50 has four 
nominal states 52. Centered on each of the four nominal states 52 is a first area 54 
defined logically by {l,®h) (Q2®Qsy Adjacent t<| the first areas 54 are four 
second areas 56 _wliich are defined by 

tOOSS] The 1 bits 116 and Q bits 118 axe then processed by logic gating 120 of the 
carrier lock detector 100. In the second embodi|nent, the logic gating 120 
implements the second lock detection algorithm whereby the first areas are defined 
by (/2® a)- (62^53) the second ^reas are defined by 

(/, © • 2i e 03 )+ 1^, © Si • /j ® /a ) . The portion of th?s logic gating that determines 
whether a detected signal maps onto one of the first arpas constitutes a first counter. 
The portion of the logic gating that determines whefhdr a detected signal maps onto 
one of the second areas constitutes a second counter. 

i 

[00571 For defining the second areas, Ii and I2 are first processed by a NOT-XOR 
gate 123 while Qi and Q2 are processed by ai^bther NOT-XOR gate 124. 
Meanwhile, the output of the XOR gate 121 is processed by a NOT gate 126 while 
the ou^ut of the XOR gate 122 is processed by another NOT gate 125. The output 
of the NOT gate 125 is logically multiplied by the output of the NOT XOR gate 123 
using an AND gate 128. The output of the NOT gate 126 is logically multiplied by 
the output of the NOT XOR gate 124 using another AND gate 129. The ou^uts of 
the AND gates 128, 129 are t hen logi cally added using an OR gate 130 to give the 

final result (z;^ • • ^2®^) • 



lock detection algorithm in 
The I/Q plot 50 



[0063] FIG. 10 is an I/Q plot 50 of the second 

accordance with the second embodiment of the present invention, 
has four nominal states 52. Centered on each of the four nominal states 52 is a fiist 
area 54 defined logically by {/^ © /j)- (g^ © gj. Adjacent to the first areas 54 ate 

eight second areas 56 which are defiinedby (/, © /, • QJB )+ © g, • A ©a). 
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I, whereiD the first areas are 
areas are defined by 



Claim 2 The carrier lock detector as claimed in claim 
defined by (/a®/,)- (62^63) second 

Q©a.(/,^+W3)+K®^)fciaa+Qaa). 

Claim 3 The carrier lock detector as claimed in claim |l, wherein the first areas Me 
defined by ih ®I,) {Q 2 ®Qi) and the second; areas are defined by 

Claim 7 The coherent receiver as claimed in claim wherein the first areas are 
defined by {l2®I,){Qz®Q^) and second areas are defined by 

ji 

Claim 8 The coherent receiver as claimed in claim 6, wherein the first areas are 
defined by (/, ®/i)fe2 ©63) and the second areas are defined by 

Oaim 18 The method as claimed in claim 17 fiulher comprising the step of defining 
Ihe first areas by {h^^syiSz^Qj) ™d | the second areas by 

13, ©e, • (a 7177 + )+ (a® a)- Q2Q2 + qTc^es )• 



Claim 19 The method as claimed in claim 18 further 
the first areas by (/z ® A)-(Sa®fi3) and 

(/^•a®a)+fe®fi2-7,®/3)- 



comprising a step of defining 
the second areas by 



To fiicilitate in understanding the amendments requested, a copy of the published application is 
enclosed showing the eirois. 
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While republication of the appUcation is not required, the Office is hereby requested to co^ect 
this error in the OflBce records, and confirmation that this error has been corrected is requested. 



Yours very truly, 




Max R, Wood 
Reg. No, 40,388 
Agent of Record 

MRW/ma 
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CABBXER LOCK DFtECTOR 
CROSS-REFEAENCE TO RBT j«XiD 

[0001] lliia iss Ihe first appUcation filed £ot the 
iDvcQtinn. 

MICROFICHE APPENDIX 

[U002] Koi i^plicvble. 

TECHNICAL FIELD 

[0003] The presetti iovcntioD relates in general id easier 
recovery m distal comnninicalion sysioms, and in pardculu- 
to ooheienc xcccivccs having eudoi lock deiectors. 

BAaCGROUND OF THE INVENTION 

[0004] Digiud amnxnimicat^on HystccQS modvlale an elec- 
tromagnclic carrier signal lo convey binary infomiAcbn 
from A transmitter to a xtceivcr. T>o well-known digital 
madiilation icchcnqucii are QAM (Quadrature Amplitude 
Aftodvlation) aod QPSK (Quadratuns Phase Shift Keying). 
Both QAM and QPSK ue fonns of I/Q Modulation because 
both of tbcso modulation tecbmqucs compose a signal firxm 
two indcpcDdenl coTz^nents: an iD-phasse ooms»Qeiit G) 
and a qaadraiuie component (Q). Since the io^hase and 
quadiaUue oOfflpODCiits are orthogonal to each other, Ihcy do 
noL interfero with each albcr during iransmissiou- The I and 
Q component* arc represented graphically by plotting J and 
Q on a plane Cartesian coordinitc syijtem, known as a 
phasor diagranij in which the I value is convfioiionally the 
&bRci:^fia while the Q value is the erdinaie. 

[OOOS] Demodulation of the io-phase and quadrature com- 
ponents of the received signal recovers the 1 bits and 0 bits, 
respectively. When plotted on the phasor diagcamt the sig* 
nals fonn an I/Q conslcllalion, or a signal point constella- 
tion. For good icception, the signal points should clt^r 
lightly aiKiund discrete points, or ''ncrninal £>tates"j which are 
then readily demodulated into binary I's and binary O's- 
When the dgnal poims cluster lighily around the nominal 
states^ the canicr i$ »id to be kxiked. 

[OOOf] A coherent receiver, such as an optical coherent 
receiver, must be lockeii, or "in lock", to ensure that binary 
data is received at a minimal rate of error, usually expressed 
in terms of tnt-error rale, or BER. Bit-error rate is custom- 
tirily defined as the average probability diat the icoeiverwill 
inooirecUy identify a bit Row BBR is B (iR beroce decoding 
by FEC (forward codi collection). With the use of powpjfiil 
EEC, the BER can be reduced by many orders of magnitude 
compared to the rnw BER. 

[0007] A carrier can go "out of lock" wlicn scfvere disior- 
don 0CCVI5. For an pptkal coherent receiver^ distortioo may 
occur because of FMD (Folaxizatiao-Mode Dispeision), 
FDL CR>larization Dependent Loss), ASE (Amplified Spon* 
ta noons Emiisnan) Or any combinanon thereof. 

[0008] In communication systems using QaM or QPSK, 
carrier lock is necessary to permit acciuate decoding of the 
signals and rcoovcry of ihc bBset»and I and Q biis. In other 
word5&» to enable the modulated signals to be ooirectly 
decoded, the phase and fitcquency of the receiver LO (local 
oscillator) omst be locked io the incoming carrier. 



[0009] Tamicrowi 
cmtrnion and weli-kni 
signal-la-noise ralio (' 
k>w leveL such that 
lost. At the end of a 
lisfaed before the 
bck detector Is iised f 
or unlocked. Ttc cai 
only when carrier 1( 

[OOlO] Jtisdesirabli: 
carrier kxik with a hi\ 
posiiiible levels of S] 
fades with nnnimal 

[OOn] U.S. Pat. N 
RIER OUT-OF-LO^ 
a carrier lock 
(in^hasc and quadrai 
oui«cf*lock indicatiOi 
the detected T and 
out-of-lock condidoi 
rotate about the I and;! 
rate of rotation of thi 
dependent upon the 

[0012] Ad: 
is that, at low levels 
out-of-lodc conditio: 
For example, for a S: 
faihi U2 operate correi 
whereaa it is desiral 
cOTTcctJy at lower leyl 
75 dB. j 



communication systems, fading is a 
ra phenomenon. During a fade» the 
iNR) of the TBceivfid signal Calls to a 
e signal and/or carrier lod^ may be 
ide, carrier lock must first be esiab- 
can be correctly decoded, A cainif 
detect whether tbe carrier is locked 
IT lock detector enables fhc decoder 
is detected. 

to cnaintain carrier lock, and to detect 
|h degree of reKabiliiy, at the lowest 
so ^at tbe sysien^ can tolcntc deep 
of decoded data. 

4,736^6 (Nichols) entitled CAR- 
DETECTOR APPARATUS teaches 
which is respoDsive to I and Q 
;) amplitude, error bits to provide an 
when, on average, mOfe than half of 
amplitudes are in error. During an 
tbe detecied signal point positions 
of the phase plane diagr&ni, the 
I dctected signal point ixwitious t>eing 
ie phase enor. 

of rhis. known cairier lock detected 
i SNR during fading, it can indicate an 
7cn though the carrier is still locked. 

system such a known detector 
for a SNR of less than about 29 dB, 
to have a detector wtaicb operates 
of SNR, for example down to about 



[0013] An improv^ 
U.S. PaL No. 4,987^j 
TORFORAOAM _, 
1. As shown in HGjj 
QAM demodulator ij 
and Q components 



carrier lock detedorjl 
encoder 20, an iniej 
Tbe gating circuit 
and 28 well as Iwi 
circuit 22 includes 



carrier lock detector in disclosed in 
; entiUed CARRIER LOCK DETEC- 
STEM (Wu el a!.), ilhisiraied in FIG. 
, tbe carrier lock detector includes & 
, which splits the sij^al into analog I 

^ ^ respective output lines 14. A pair of 

analog'to-digital coii|erteni (ADC) 12 ccmverf the analog I 
and Q components mto I bil:^ and Q bits on lines 16. The 
iuiber Includes a gadng drouli 18, an 
LiiAg circuit 22, and a comparator 24. 
has two EXCLUSIVE-OB. gates 36 
ID gates 30 and 33. Tbe intcgmting 
integrating capacitor 34 coupled via 
resistois 36 to the oir8>uts of the encoder 20 and via resistors 
38 la the diffcfcotiai inputs of a differential ampKficr 40, 
having a negative feedback iciuslDr 42 and a resistor 44 
between its non-inv^ rtfog input and ground* and having a 
smoolhing circuit w lb a resistor 46 and a capacitor 48 
coupled to its oiitpui!! \rhp rcsisioro 42 and 44 have the same 
resistance, and tfae|||cy$j$iots 36, 38 each have half that 
lesistanec. The comj nalor 24 compares the smoothed out- 
put of the iDlegratinJ drcuil 22 with a lefi&mnce voltage 
to produce an ompu wbidi consdrntos a cairier lock 
detection signal j| 

[0014] FIG. 2 sho vs an I/Q plot 50 of a prior-art kick 
detection algocithmj implemented on a QPSK or 4-QAM 
system. Centered abi ut four nominal states 52 arc four first 
areas 54 defined byjt I^eiaXQaeQa). Adjacent to the first 
aze&s ore second aclas 56 defined by ( ^®*5 Qa0^^ If a 
detected signal has iland Q oomponenis tnat map onto one 
of the four azeas 54 sLtoonding the nominal states 52, a Tusi 
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signal is gpnuriied. If ihc detected signal faa9 I ^ Q 
componcaXS that map onto OEc of the second areas 56, thea 
a Mcamd signal is generated- The diffieicnce between Ihc fitsi 
anfi secoxid signals is comp^d with a ih^esbold value. If the 
diffcceace exceeds the ihiesbold* then a eanier todc dcteo 
tien signal is generated. 

[ODIS] Altiiough the carrier lock deLeclor described by Vftj 
el al. wortped weU for largp cunstellatlOTa, audi as 16-QAM 
to 512-CtAM, for lower-lcvAl QAM such as 4-QAM or for 
QFSK, the method and apparatus described by Wu et aL is 
not cfTeciive, In light of the veiy. iTOporiani optical appli- 
cations such as 2-pol QPSK» due to the effect of laser 
Hnewidth and other distortions such a:^ PMD and PDL and 
the use of powcrfiU FEC, there is a nc©d-foT a much MOrc 
robust earner lock dctccior thai can operate at raw BER of 
le-i or higher. Furthcnuore, due to the high speed of opiical 
Ddodems (circa 10 CBaud), U is highly desirable thai ihe 
hardwwc iraplfimentaiion of this carriM lock detector be 
simple. 

SUMMARY OF THli INVENTION 

[00X6] Accordingly, an ohgea of the prcseni-inventfon is 
tp provide a caiiier lock detector thai wilJ ovcrcomd at least 
. of the deficiendes descdbed above. 



[0017] llius, the present inventibn provides a carrier lock 
detector for use wi± a OPSK or low-level QAM system 
having a coaslellaiion of signal pointe identified by a phi- 
raKty qS. I bits iuol Q bits cespccUvely representing in-phase 
and (quadrature components in a phasor dlagratn, the phasor 
diagram including a phiraHiy of first areas oeniered on ideal 
signal points representing nominal states and a plurality of 
second areas adjacent lo the fiist areas. The detector inchsdcs 
a fiml counter responsive to a plurality of I bits and Q bils, 
the first counter producing a first output sigtial when & 
detected signal has T and Q components that map onto (Me 
of tbe first areas; a second counter re^onsive lo d plurality 
of I bits and O biis^ the second counter prDdudbg a second 
uulpul sig;nal when a detected signal has I and Q compooentH 
that map onto one of the second areas:; and a logic device for 
computing a difference between the first output si^ial and 
the second output signal and fur generating a carrier lock 
detection signal wfaen the difference between the first ouipul 
sigual and the second output signal exceecb a threshold 
pFohabilily. 

[OOlS] Another aspect of the present invention provides a 
coherent receiver having a local osciUaior Cor generanng a 
local jgiQ.^*! having a local IVcqucncy different from that of 
an incoming signal a conpler for combining the incoming 
signal will] the local Signal to produce an intermediate 
signal; a detector for detecting the intermediate signal; a 
filler for filleting the intcnnediate signal; a demodulator for 
separating the inieriDedjate signal intu analog 1 and Q 
components; a first «na(og-to-dig^tal coAverte<r for convert- 
ing the analog I components inio 1 bits; a second analog- 
to-digilal converter for oonv^ting the analos Q compoaenis 
into Q bits; and a earner kick detector having the features 
described above. 

[0019J Yet another aspea of the present inveniicn pro- 
vides a mcd!iod of detecting carrier kick in a QPSK or 
low-level QAM system having a eonstellatian of signal 
points ideadiled by a plurality of I bits and Q bits respec- 
tively representing in-pbase and quadniuxe components in a 



phasoi diagram, the pi 
first aicjKK centered on! 

« Da] KlateS and a plurali^ 
areas. The method inj 
signal when a detect* 

, ponents that map on 
second "g'^^i 'when aj 

, components ihat map 
puling a difference bei 
signal; comparing th< 
generating a carrier 
ence exceeds ihc ' 

[0020] In embodimi 
the second areas are 
Qa- A first algO] 
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Lsor diagram iocluding a phirality of 
eal signal points representing nomi- 
of second areas adjaocnl to ±e first 
ides the steps o^ generating a first 
incoming signal has I and Q corn- 
one of the fiisl areas; generating a 
tlected incoming signal has I and Q 
one of the second eieaa; com- 
the first signal and ihe second 
.^^noe wiih a threshold value; and 
detection signal wben the diffbr- 
)ld. 



bis of Uie invendon. the fizst areas and 
ffined in terms of Ii, I2, 19 and Qi, Qz« 
defines ibc first areas by 
id areas byO^^^^Sy 
A second aigoninm 




algorithm irnplenienl 



and advantage? of ihe present 
paretit from the following detailed 
□atjon with the appended draw- 



[0021] Further le^ 
invenrion will bci 
dcscrqition, taken in 
iogs* in whidi: 

[0022] HG. 1 is 
lock detector for a 

[0023] FIG- 2 is aj I/Q plot of a prior-art lock detection 



it diagram of a prior-art carrier 
system; 



d on a QPSK or 4-QA^f system; 



[0024] FIG. 3 is ar sbservedscgnalpoini constellatton for 
QFSK plotted on i^VQ phasor diagram showing carder 
lock at high SNR; 

[002^ I>1G.4isa]: observed signal point constellaiion for 
QFSK plotted on an I/Q phasox diagram showing caiudf 
lock Bi kiw SNR; 



observed signal point consteilation for 
I/Q phasor diagram showing carrier 
at high $NK; 

bbseived signal poiiu coustellalioTi for 
jl/Q phasor diagram showing carrier 
> at bw SNR; 

nil diagram of a carrier lock deiecmr 
t embodiment of the present iuven- 



[002q nasisa 

QFSK pitted on 
unlocked (or Spin 

[0027] HG.6isi 
QPSK plotted on 
unlackcd (or spina 

[0028] FTG.7isa< 
in accordance with a 
don; 

[0029] FIG. « isi 
algorithm in aec 
present invention; 

[0030] FIG» 9 is a S reuil diagram of a carrier todc deteetor 
in accordance ^Aoih i second embodimenl of the present 
invention; 

[0031] FIG. 10 is n I/Q plot of a second lock deiection 
algorithm in accord^ ce with the second eml>odimenl of the 
present inventioo; 

[0032] FIG. U is 1 graph of probability difference (P,^) 
versus bit-cnor ralJ|(BER) for a prior-art lock detection 
algorithm implemeififid 00 a QFSK or 4-QAM system; 



1/Q pk>t of a firat lock detection 
pee with the first embodimenl of the 
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[0033] lilG- 15 a gxapli of piubahOity difBerence (Pi^) 
versus Wt-cnor rate (BBR) Sot the firsi lock detection 
algorithrn ID occotdancx wiili ihc fiist isTnbodimcat o{ the 
picscnt invention; 

[0034] FIG. 13 is a graph of probabMcy aifFcrence (Pia) 
versus bil-crrof rate (BER) Sot the sconnd lock dolcciion 
algonlhic in accordaoce wiifa ibo smrd cmbodimQDt of the 
presenl mvcndoc; and 

[0035] FIG. 14 is a block diagram of ar qplical coherent 
receiver having x-pol and y-pol carrier Icc^ deiectora in 
aeconlance with an einbodioieni of the pftuscni iiwentloD. 

[0036] It NviU be ooted th^ Ihiougboui the appended 
diawi^, like fbatuses are identified by like reference 
numerals. 

D£TAn.ED DESCRimON OF HIE 
PREFERRED EMBODIMENT 

[0037] The present invcnlion provides a carrier kick deiec- 
Lor for QFSK or 4-QAM. A carrier lock ddccior lieir a QFSK 
or 'MSAM syslccn hnplemeius a lock delcdiao algorithm in 
wliich I and 0 componeots axe mapped onto a phasor 
diagram. Ftisi areas arc defined lo be centered abou t noiDinal 
states whereas second areas are defined adjacent to the first 
areas. When detected signals map onto one gf the first areas, 
a firei signal is generated. When detected si^tials map onto 
one of the second areas, a second signal is generated. When 
the diHezeocz: between the first and second Signals exceeds 
a threshold^ a carrier lock detectioai signal is geocrated to 
enable a decoder. The fust areas axe denned by 
(]^&1^'^'(0^^Q^\ , The second areas arc_^ fe&aed by 

afcsSveW. bv (\t^-<^^ car^ 
rier lock detector ]> able to detect earner iock or eaoier 
spinning at raw BER of lfr-2 or gjeatcr at veiy low SNR. 

[U038] llic first and second area^ aie defined to opdmize 
Che likelihood that earner kwk ur unkick will bQ accurately 
detected. The choice of first and second areas based on 
obscEvadons of QPSK constellations for carrier lodced/ 
spinoins coodilioDES and for bofli higii and low signalrtii- 
Txojsc ratios. 

[0039] FlGSr 3 to ^ reprcseni four signal point coostcUa- 
lions (aUo known as 'VQ plots") showing tbc typicaj scatter 
of signal points depending on whether the carrier is locked* 
or unlocked and whether the signal-to-nois^e ratio is high or 
low. 

[0040] AO. 3 is a signal point oonstcllatioa plotted on an 
VQ phasor diagram showing carrier lock at high ShTR. When 
lliB carrier is lodced at falgb SNR, the Kignal points are tightly 
chistcrod arovnd each oCihe lespeciive nominal states. 

[0041] FIG. 4 is a signal point consleliation plotted on an 
J/Q phasor diagram sliowing earner lode ^ low SNR. When 
the carrier is locked at low SlsTR, the sign^ points arc loosely' 
dispersed aroftind each of the respective nominal states^ 
rendering detection of carrier kwk nian» diiGculL 

[0042] FIG. 5 is a signal point constellation plotted on in. 
I/O phasor diagntm showiijg cairier unlocked (or spinning) 
at high SNR. When the carrier spins at high SNR, the signal 
points arc tightly dnsteicd in an annular zone centered abonc 
the origin of the I/Q ploL 



X/Q phasor diag^ 
at low SNR. When 
points are dispersed 
of the VQ pl< 
more difficult. 
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[0043] £IG.6isa:i jnal point coixslellalion plotted on an 




[0044] Afirsteml 
aocosdancewiih 
receiver system has 
delermnies carrier h 
received fiom 
pairof analog- 
hcrcin as "A/D conv^ 
7p a first 3-bil ADC 
nents of the dei 
designated collective 
second 3-bil ADC 
nents of die dcmoi 
designated coUeciivi 

[0043] The I bite i: 
logic gating 120 of 
emhodinient, the lO] 
detection algorithm 

portion or me logj 
detected signal zna] 
first counter. The poi 
whether a detected 

constitutes a seCOnd 

[004q AsiUusi 
rfve^R (XOR) ^ 
exdusiv6-OR(XORj 
^21f 122 catcra an 
which defines the 



ing carrier unlocked (or spinning) 
earner spins at low SNR, the signaj 
an annular zone centered about the 
lendedng detection of carrier lock 

limeni of the carrier lock detector in 
lent invcndon is shown in 7. A 
►PSK carrier lock detector 100 which 
or carrier unlock based on signals 
ream QPSK demodulator 110 and u 
converters U2, 114 (also rcfcncd to 
ers" or "ADCr"). As diown in FIG. 

oonverts analog in-phase oompo- 
[iated signal into 1 bits (Ij, 1?) 
by the reference numer^ 116. A 
converts analog quadrature compo- 
lied signal into 0 bits (Qj, O^, Qa) 
by the icfcrcnee numeral 1111. 

and Q bits 118 are then processed l>y 
carder lock dcrector 100. In the first 
gating 120 {mplemealS the flist todc 
which the Anil areas are defined by 
the fifico ad areas arc defi ned by 

iim^iQ.<^i^k*Q,Qj^ The 
galling tnat aeietmines wfaeiher.a 
one of the first areas consiituies a 
of the logjtc ^ting thai detecmtnes 
al maps onto one of the second areas 
tor. 



respectively. Ltkewi| 

pioduc( 
using on 
produce 
added usi^ 
XOR gate 123 
multiplied using an 
die NOT XOR 
logically mullip! 
the outputs of the 
; an OR gate l3i 



i in FIG. 7, 1^ and I, enter an exchi- 
1 121 while Qn <tD^ Qa enter aiiother 
ale 122. The ou^l of the XOR gates 
I gate in piodiioe (l^&i!y(Q^^^^ 
: areas. 

[0047] For deRninflthe second areas, and arc fiisl 
processed by a NO| -XOR gate 123 while I,, and la ue 
processed by anoihcfi »iOT-XOR gate 124. Mej^wWle, ibpte^ 
NOT ^5 125 covert I„ 1^ and I3 ^^!oQj)Qi)»o\hd 
ithe^-threc NOT gates TZe convEn 
!in4j^ Apjdr of AND galea 125i2 
Kvhicb arc then logically added 
Mothe r pair of AND gates ^6a 

p^g a^which are then logically 
iR gate }26b. Ihe outputs of die NOT 
he OR gate 12S& are then logically 

gale 12s. Likewise, ihe OUlpUtS of 
124 and the OR gale 126^ arc also 
another AND gate 129. Finally, 
D giBtcs 128, 129 are jon'caUv added 
to give ihejna l icsultR 



galr 



[0048] £vcry iunt 
first areas, a iiTRt Ri| 
lime a detected 
second signal (S^) 
keeps a ronning avi 
of Sj and arc 
represents the piobi 
ping onto One of 
likely to fall into 
teprBseats (he piol 



I delected Hignal o^ap^ onto one of the 
bal (Sj) is gcnemied- Likewise, every 
I maps onto one of the second areas, a 
Igcneraied. A pair Of digital fillers 140 
|ge of 51 and S2. Ihe rannihg averages 

□Otcd as)d P^. The value of P-i 
IjiliLy that the detected signals are map* 
Irsi areas, where the signals arc most 
I the carrier is locked. The value of F2 
[iiy that the detected signals ate map- 
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pbig OHIO one of ihc second areas. Note thai when carrier is . 
not locked, ihe signals faU into the 1*' and 2^^ arcaa with • 
approTiraately equal probability, i-c. P, -P. would be smajK 
When carriCT js lodwd, P^-P. is Ujgc. Thus, Pj-P- can be 
used as a gpcd indicadon of caffler 'lock* or 'oiitFof-Jock*. 
[0049] The aeositivily of Ihe digilal fJlers 140 uan be 
adjusted by clnnging tbe valw of a, wbero l/(l-a) is 
proportiDnal to ibc number of symbols over whicli Ihe 
Tunning average is oomputcd. For aaiofi^f if a =0.999, then . , 
Ihe fiinning average will be compatsd over approximately , 
4000 symbote. Depending vpon the system requirement, the , 
vahie of a can be adjiisted accordingly. For example, if a 
teDger avenge is desired, a can be set larger (still <!)- 
[OOSO] As noted above, the probabilities Pj and are , 
computod as mnniag averages. Pi is continvally updated ' 
amxding the forawla Pi— (l-a)Si+al'3- Analogously, P^ is • 
conliouaUy updated aisoording tbc foimula P2-*»(l-a)Sai' 
aPa- 

[0051] Esnh digital fltipp 140 has a multiplier 141 which 
multipHcs die first and second signals (S^ and S2, respec* . 
lively) by to produce (l-^ajfei, and (l-a)S2, rcspeo- 
Uvcly. An «TddcT 142 adds (l-a)^, and (l-a)Sa m aPj, and . 
aP*, rcspccdvcly. A multiplier 144 on each digital filter ' 
produces aP^, and aP^. Eacli filter 140 also has a delay ^ 
elcinenl 146 (labeled D in the Hgiiro) equal to the symbol ; 
interval For example, if the symbol rale is 10 GHz, the 
symbol interval would be 100 ps, and thus D-lOO ps. 
[0052] A probability diffiercDcc (P1-P2) is computed by a 
lugii; device having a subtiaciing means 14£- Aoompaxator 
150 compares (Pi-PJ "^^^ ^ value which represcuts the 
threshold pTObabiUty. If Pj-Pa>^. Lhcn a carrier lock dclec- ' 
tion signal is generated in the form of a. binary 1 to indicate 
carrier lock. If Pji-Pa<R, then a binary 0 >s generated lo . 
indicate cairier spiooing, Of earner unlocked. The carrief 
lock deteclinn signal can be tiscd TO enable and disable a * 
decoder 160. Fbr QFSKl and 4-QAM, the threshold R can be 
iiet to 03, whidi provides superior dwmmfnation between 
signals mapping into tbe, 6n>i areas and those mapping onto 
the second areas. Tlie ih^hold comparator 150 can also be 
constrvcted to account Ibr hysteresis, in which two tbrc^h- 
olds ace used. e.g^ one al 035 and the other at 0-25- 
[0053] FIO. 8 b an I/Q plot 50 of the first lock detection 
algorithm in amrdance widi the first embodiment of ihe 
piBscnl inventiod. The I/Q plot 50 has four nominal states' 
52. Centered On each of the four nominal slatwi 52 is a first 
area 54 defined logically by (laSIaXOz^Qs)- Adjacent to 
the fi^t areas 54 arc four second areas 56 wfaid) are dcfloed ' 



by(^^^^+W^^5^I^^^^^9iP 
[0054] A second embodiment cltbe carrier lock detector; 
in accordance with the present invendon is shown in FIG. , 
9, A receiver 5y:siera has a QPSK carrier lock dctccior 100 ■ : 
which dclennines carrier lock or carrier unlcxik based on. 
signals received fifom an upstream QPSK demodulator HO • 
&vd a pair of analog-to-digital converters 112, 114. As shown 
in FIC^ 9, B first 3-bii ADC 112 converts analog io-phase 
componenls oC the demodulated signal into I bits (I^, U, 1^) 
designated ooUcaHvely by tbe reference numeral 116. A 
second 3-bit ADC 114 converts analog quadrature compo- . 
nenls of the demodulated signal into Q bits (Qi. Qa. Qa) , 
titesignatod ooUedively by the te£erenoe numcra) 118. 
[0055] Tbc 1 bxls 116 and Q bits 118 are then processed by • 
bgic gating 120 of the carrier lode deiector IDO. In the ' 



'scQODd eaibodimcnt, the logic gMing 120 implements tl» 
.second lock detection' algorithm vAercby the first areas are 
defined b v fl.ei^ CQ:^ -^ and the ^ond arew aie 
defined bv/Ti^Ak &^-)4(Q.^-fc.g^ The pc^aon of 
the logic gltmg thai determines whether a detected agnal 
!mapa ooto one of ihe first areas constitutes a rusi cotmwr. 
!The porrion o£ the logic gating thai dciermines whether a 
detected signal maps onto one of the second areaa oonsd- 

• mtes a second counter. 

[0056] As iUusirateid in FIO. 9, 1, and la enter an exchi- 
: sive-OR (XOR) gate 121 while and Qa enter another 
. cxch*fiive-OR (XOR) gale 122. The oulpu t of tbc XOR gates 

1 21 , 122 enters an AND gate to produce Qa&l^'{O^^Q^» 

whidi defines the first areas. 

[0057] For deiinulg the eecnrxl arvaSy I^, and I2 are Hrst 
. piDCBSied by a NOT-XOR gate 123 while Qi and Q, arc 
i processed by another NOT-XOR gate 124. Meanwhile, the 

• antpui of the XOR gate 121 is processed by a NOT gate 126 

• vrtitle Ihe output of the XOR gate 122 is processed by 

• anodicr NOT gate 125. The output of Ihe NOT gate 125 i^i 
logically muliipKed by tbe output of ihe NOT XOR gale 123 

• using an AND gate 128. The oulpui of the NOT gflto 126 is 
I logically multiplied by the output of the NOT XOR gate 124 

• using anolher AND gate 129. The ouirpuis of the AND gates 
128, 129 are Lhen log ically added using ap OR pte 13 0 to 

■ give die final reaul ^^^-Q^jeOaj+CQi^Qa Wb^^ 

•'[0058] As described above with reference to the first 

■ embodimeni, every time a detected sLgnal maps onto one of 

• Ihe first areas, a firk signal (SJ is generared. Likewise, 
every lime a detected sdgnal maps onto one of the 3coond 

, areas, a second signal (SJ is generated. A pair of digital 

filieni 140 keeps a 'running average of SI and S2. Tbe 
i running averages of and are denoted Pj and P-. The 
; value of Pj represents the probabOity that the detected 

gi^tfwift are mapping onto one of the &st areas» whcic the 
I gj^fiaic are most likely to Call into when tbe carder is locked, 
t The vahie of ?z rcpicsents the probability that the delected 

signals-axe mapping onto one of the second areas. Note thai 
j when carrier is not locked^ tbe signals fall into the 1^^ and 2^ 

areas with approximaiely equal probability, P1-P2 
j would be smalL When carrier is loc^^cd, Pj-P^ is huge. Thus, 
' P]-P, can be used as a good iodicalion of cairier *lock' or 

; 'OUt-Of-lock'. 

[0059] Tlie sensitivi^ of the digital fillers 140 can be 
I ai^usled by changing ihe valve of a, wbere l/(l-a) is 
I proportional to the! number of symbols over which tbe 
' ru miing average in cpmpuled. For ejOimple, if a ""0.999, then 

the running average ^vbX be computed over approximately 
I 4O0O symbols. Depending upon the system lequiremeni, the 
j value of a can be adjusted accordingly. For example, if a 

• longer average is desired, a can be set larger (stiU <1). 

> [0060] As noted above, the probabilities Pj and Pq arc 
; Dompuled us nmning averages. P^ is continuously updated 
-according die formula Pi-»(l-a)Sa+aP^. Analogously, P^ is 
I oontiouously updated according the fomntla p2-Kl~A)^z-^ 

I [0061] Bad) digital filter 140 has 8 multiplier 141, which 

j trHillipli^'^ the first and Recond signals (S^ and respec- 

! tivcly) by (1-a) to produce (l-a)S„ and (1-3)82, rcspec- 

; lively. An adder 142:adds (l-a)Si and (l-a)Sato derivo aPi. 

I and aPs. leKpcciively. A multiplier 144 on each digital filter 
j 

I 



PAGE 11/14 ' RCVD AT 11/14/2005 1:15:39 PM [Eastern Standard Time] ' SVR:USPTO-EFXRF-6/27' DNIS:2738300* CSID:613 230 6706 ' DURATION ([nin-ss);05-10 



11/14/2005 13:20 FAX 613 230 6706 



OGILVY RENAULT 

—r-r. n - - 



@1012/014 



US 2005/0201492 Al 



Sep. 15,2005 



5: 



oulpuls aPi, and tJ?^. Each filler 140 also has a dday clcmem |. 
14^ (hbckd D in the figure) cqval lo the symbol iniMval. 

For example, if tbe symbol r3tc is 10 OHz, Uic symbol ; 
inxecval wquU be 100 ps, and thus D=»100 ps. 

[0062] ApfobabilitydificfCJiccCPa-Pj) is computed by a ;. 

loijic drcpjt 14S. Acomparaior 150 compares wilh . 

A value R, which reprcscnis ihc ihrc^old probability. If :' 

then a cniYicr lock dclectioa slgn*l is generated in ! 

the fnnn of a biaary l lo indicate earner lock. If Pi-P»<R» ; 
then a binary 0 £5 generaled to indicate catcier spinning, or 

carrier tiolodked. Tbe earner lock detection sigpal can bo ■ 

used to enable and disable » detxider ItiO. for QPSK wd \ 

^QAMt ibe threshold R can be set to 0.3, which provides ; 

superior discTlmiDadoD between signals mapping into the . 
fif^t areas and those mappLo^ onto the secaad areas. The 

threshold ooiiiparalor 150 can also be oonslnicicd to account ' 

for hysteresis. ,, 

[0063] FIG. 10 w an I/Q plot 50 of the second lock 
detection algorithm in aocordanoc with the second cmbodi- | 
mcut of the pfcscm iavcniion. The l/Q plot 50 has frmr ;. 
namiDUl States 52. Centered on each of the four nominal ; 
states 52 is a first area 54 defined logically by li 
(l^elaXQaeOa). Adjaccni to the first aga^ M ?Tc eight ;; 
ODd areas 56 which aic defined by< get^'Q2^>a >' 



[00^] As illustrated in FIGS. 11-13, for QFSK or' 
the liist and second algorithms of this invention . 
provide better discriminadon or sepainiion (Le. a h^cr P^^ ; 
for a given QER) than the prior-art algoriihm. Empirical data , , 
was collected using a cohcrcni optical transmitter <Tx laser) 
and a coherent optical receiver (Rx laser) running at a 
Unewidth of 2.5 MHz each and 40<>6 symbols. 

[tmS] FIG. 11 is a plot of probability difference (P^ ', 
versus raw bil-eriot rate (BBR) for a QFSK or 4-QAMi 
system using the prior-art atgoiithm- The diSercocc in;< 
probabiHiy at a BER of 0.01 Pia=^.S3-0.42^.11, which ; 
is quite low. Thus, at a raw hii-ciror rale of O.Ql, the ability ,* 
to discern between canicr 'lock* nod 'out-of-lock' is tcnu-j 
ous. As noted above, the prior-art algoridim does not work.* 
reliably wfaco applied lo a QPSK or 4-0 AM system al high 
raw BER (or, low SNE). . 

[0066] FlC- 12 is a plot of piobahility difficrcnce (Pin)!; 
versus raw bit-error rate (BER) for a QFSK or a 4-OAM. 
system using the flist algorithm in accordance with the flfsi|; 
embodiment or the invention. The diflBcrcncc in pitibabiliry; 
at a BER Of 0.01 is Pi2-0.47-0.l5=O32. Thus, the first; 
algorithm of the present invention when applied to QPSK^j 
and 4-QAM provides three times better discriioiTiadon thanl, 
the prior-art algorithm. In other words, the ability of thel; 
carrier lock detector u> discern locked horn iinTocked states-; 
hH3 been improved threefold. Conversely, for a fiivcD prob-i 
ability difference (for tbc purposes of comparing with a I 
predBl probability thtcRhold), the fix:^ ulgoritbm in accor-j. 
dance with ihc invention will provide the same separation or 
discrimination up lo a much higher BER. For example, fbr^ 
a probability separation of Pj2-O.ll, the first algorithm willl, 
function correctly up to a. BER of 0.04, which represenis a^! 
fourfold increase in B£R tolerance. |- 

[0067] FIG. 13 is a plot of probabilUy difference (Pu^! 
versus raw bit-enor rale (BER) for » QPSK or a 4-OAM!; 
system using the algorithm in aoDoxdance with the second' 



'embodiment of the iu^nuon. The dUTenawc in probabiKiy 
iat a BER of 0.01 is ;Pia-030-0.15-0.lS. This represents 
•approximately a 40% mcrcaRe in separadon. WhUe the 
'second ■i]y*ftihni is not as discriminadng as the first algp- 
•ridun, it^ logic is somewhat simpler to irnpleoicnt. 
[0068] FIG. 14 is a biodc diagram of an optical coherent 
•receiver 200 having a pair of carrier lode deleclofs 100 in 
.aoDoniaactt with eitber one of the embodiments of this 
lizprcntian. As persons skilled in the art wiU appreciate, the 
i oanier lock detector may also be incorporated into a coher- 
I ent xeoeivcr for RF, microwave or other types of commu- 
j nication systems. \ 

' [OOeq The optical 'coheienl receiver 200 shown in FIG- 
i 14 nceivefi an optical signal 202 having a canicr frequency. 
Alocal oscillator 204, which is lypicaliy a laser, generates a 
: local signal al a frequency different from that of the carrier 
! ftcquency- As wOl bo explained below, the received optical 
• signal is combined,: or "beat", with the local sigoal lo 
i pioduise on intermediate signal having an intermedia fie- 
/ quency, or a "beat frequency", equal to a diflfcrcrice between 
' the carrier frcquency:(tbe finequency of the incotning fiieoal) 
. and Ihc frequency of the local oscil lator. 

!, [0070] The inoouung »i^nAi 2(12 is split into orthogonal 
!, components (designated as an z-polarized inooming signal 
!' 202x and y-polaiiRcd incoming signal 202y) u$ing a first 
!■ polarization beam spUtter (PBS) 206, Likewise, a second 
, PBS 20s is used to split the local signal 2M into orthogonal 
' components, i.c., an x-polari^ced local signal 204nr and a 
I y-polaiized local signal 204y. The x:-polarized and y-polai^ 
I ized contponents of flU rncoming signal and local oscdllator 

signal enter a pair of optical hybrids 210, which act as 
1, couplers, and emet^ as taoi mixed sigaals 220 as shown in 
■I' FIG. 14. The X-polaii^ incoming agoal 20231? (which is 
! designated as SigX in FIG. 14) is xnixed with the x-polar- 
- ized local oscillator signal (designated as LCX^^ol) in FIG. 

14). The x-polarized incoming signal 202y is also mixed 

with a 90° phase-sbifted x-polarized local oscillator signal^ 

designated 90° LO ([sepol). 

r [0071] * Likewise, the y-polarixed incoming Signal 20c3y is 

j! mixed widi the y-polarized local oscillator signal 204y 

I- (designBtcd at S^Yand LO(ypol), respectively in FIG- 14). 

|; Tbc y-palariied incoming signal 202y 15 also mixed with a 

. 90^ pha&e-shifted y-polatized local oscillator sngnal, desig- 

; nuted 90"" LO (ypol). 
I 

i [0072] Eada Of these flour mixed signals is carried on a 
I separate channel as •shown in FIG. 14. Each of these four 
> mixed signals is then delected by a respective FIN diode 230 
I (which is 3 photndclectDT well known in the art). The PIN 
'* diode A a "square-W detector^ producing an electrical 

signal proportional tb the square of the iniemuLy of the Ught 

impinging on the PIN diode. 

[0073] The opticrd coherent receiver 200 also has four 
mtezs. As illustraleci in FIG. 14, each of the four chiinDeU 
is filtered by an AC coupling 240 and a lowi^ass fitter (tJPF) 
250. The LPF 250 r«imovc3 high-Irequeaey components aod 
the AC coupling removes DC 

[0074] The four filtered analog signals are then converted 
to ^g^tfl) with four analog-to-digital converters 260* A 
digital demodulator 1270 detnodulaics the signals on each of 
the four ^annels iii'thc digital domain. Four cbannel2% are 
ontpnt from the digital demodulator which are then decxided 
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using T^o sets of I-cbaimcl and Q-cb^oncl decodcis 280, one 
set conc^jptjnding to x-polarizadon, the ortior canresjwndwg 
10 y-polarizaliDD. Tbe outputs of these four dcoadeis aio then 
fed into Jin x-polarizadon caitiw lock dcstector 100 a^d a 
y-polajieation cmier lodt: detector 100 (havinjs the c»mpo- 

jieats and functioiialily as described above:). Eacb caiiicr . 

lock delector 100 deienniiies wbeiber (he cairiisr signal » I; 

locked or spinniDg and prtwldcs a feedback signal to enable ji 

(or disable) tbc rcaipeciivc set of decoders. \!^ 

[007S] For optical cohefeQlieccivcrs, both homodynfi and j| 

hetKiodync delection may be used. |i 

[0076] Not only can the earner lock detector and associ- j. 

aled method of detecting cairicr lock be U5cd in an opdeal |! 

coherent receiver, it can also be used for wireless (micTO- j, 

waw or RE) Of conventional landline netwoiks, ii 

[0077] While llic lock detector described heicin is most *' 
relevant in ths context of long-haul and meuo trvnJc systems, 
it can also be used for shorter range nfitwocks » weU. 
[0078] PetsoflsamcdinthetrtwiUappwdatclhalrBite 
than imtdicmcnting the algorithins via logic gating, the. 
algorithms can be implcinented using RAM and a lookup |j 
table. It should also be apparent that other combinations of j 
logic operators can be used to impletnenL these two algo- ji 
fithms- The embodimeoLs of the invention described above 1 1 
ate thus intended to be exemplary only. The scope of the • 
invention is dierelbre intended to be limited solely by the j 
scope of the appended claimft. 

We claim: . L 

1. A carrier lock detector for use with a QFSK or low-level j . 
QAM system having a constellatbn of signal points iden- 1, 
tified by a phirality of I bils and Q biG ccspectively repn> {; 
scnting ia-pbasc and quadram» componenLs in a phasor \l 
A-ft^^sTn^ the phasor diagram inchiding a plurality of fiist i 
areas centered on ideal signal points leptescadng nominal 
slates and a plurality of second aie«s adjaoeol to the first 
areas, the detector comprising: 

a firsi counter responsive to a pturalily of I bijcs and Q bils. 
the first munler producing a output sigD^l wben a 
detected signal has 1 and Q componenis that map a 
fiignal point onto one of the £rst areas; 

a second counter responsive id a plurality of I bits and Q 
bits^ Ihe second counter prodncing a second ontput | 
signal wfaen a detected signal has I and Q components 
that map a Signal point onto one of the second areas; 
and 

a logic device for computing a difference between the firsr 
oulpm signal and the second oulpnt signal and foH| 
generating a earner lock detection signal when the i 
difference between the first output signal and the sec-jj 
ond output signal exceeds a threshold. 

2. The cairicT lock detector as claimed in claim 1. wfacrcinj i 
the first areas ace defined by Qg ^^^KQ^^a) 

second areas arc defined by <^^^^(I^fi+^^SHS) 

m)<Oi^^tESp — . , 

3. nie caifii^ iock detector as claimed in claim 1, wnereml 
Ihe first areas aie defined by .^^J^ 

areas are defined by Qi^'Q^eQi)-K^^i^j^ 

kTcoherent receiver with a carrier lo«^ detector forusc 
with a QFSK or low-ltfvel QAM system having a eonstcl 
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latioa of signal pointsj identified by a phaialiiy of I bits and 
Q bits iBSpectivcly reipresendng in-phasc and quadrature 
components In a phasdr diagraiD, the phaSor diagram Includ- 
ing a plurality of fiisd areas centered on ideal signal pomis 
representing nominal ytates and a plurality of second aceas 
adjacent lo tbe first ateas, comprising: 
a first cou ntcr respdiiaive to a plurality of 1 bits and Q bils. 
• tbc first counter producing a first output signal when a 
dcDscted signal iu« 1 and Q components tbat map a 
signal point ontoione of the fitsl areas; 
a second counter responsive to a plurality of 1 bits and Q 
bits; the second :GOuntor pioducang a second outpm 
dgnal when a detected signal has I and Q components 
that map a signal point onto one of ibe second areas; 
and j 
a logic device tat cpmputJng a difiiiEuence between the first 
output signal aid the wood output signal and for 
generating a cairier tock dcccctioa signal when the 
di^BTence between the litst output signal and the sec- 
ond output signal exceeds a threshold. 
5. The oobeieiit receivex as claimed in daim 4, further 
comprising: | 
' a local osciUaior for generating a local mgoal having a 
local frequency (3i£ferant tmm that of a fecelvod signal; 
a coupler for coinbimng the xnoomlng si^al with the 

local signal to produce an intermediate signal; 
' a detector for det^ting Cbc intermediate signal; 
' a filter fbr filtering' the inlemiediate idgnal; 
' a Jiwi^rf Tiiato r forjseparaiing the intennediBte signal into 
an^ilog 1 and Qi'oompoiwnis; 
s fizsL analog-to-digital converter for converting the ana- 
log I oomponcijtB into I bits; and 
a second analog-to-digital converter for converting the 
aqal<^ Q comp^Onentii inID Q bits. 
The coherent receiver as claimed in claim 5 wberein the 
fictt analog-lo-diglLal' converter is a 3-bii analDg4o-diglta] 
converter for decoding I hits designated as I^, la, I3 where Ii, 
is the nCLOSt significaDt 1 bit; and the second analog-to-digital 
converter is a .Vbit analog-to-digiia> converter for decoding 
Q bits 'designated as Qt, Oa, Os^ where Q, is the most 
significant Q bit. | ' 

7 The cokercnt receiver as Claimed in claim 6, wherein 
flie first areas are jdefined by a^mMQ-^j) andj he 
second areas are ['define d byV J^ig^Gil^b^lii^laHL/ 

8. 'ihe mfitrent i^'iiiver as claimed in claim 0, wherein 
first areas arc [defined by (I,@1.V(Q<>©Q^) and the 



second areas axe defined 



M . me coherent reideivcr as claimed in claim 7 wherein the 
local oscillator comjprises a laser. , 
; 10. The coherent|rcccivBr as claimed in claim 9 wherein 
the detector comprises a photodlode. 

11 - The cotierent receiver a* claitncd in claim 10 wherein 
the filler comprises la low-pass filter and an AC coupling. 
: 12- The coherent [receiver as daimod in claim 11 wherein 
the coupler is an 0:^cal hybrid. 

: J3. The cohctcntrrcceiver as claimed in claini 8 wherein 
the local osciUalor romprises a laser. 
• 14. The coherent Ircocivcr as claimed in daim 13 wherein 
the detector coTnprisesi a photodiodc diode. 



I 



11/14/2005 13:21 FAX 813 230 6706 
— 



OGILVY RENAULT 

'I ! . ' I 



US 2005/0201492 Al 



15. The cbbcrcnt recxiver as daimQd in daim 14 y^creiD 
ihe filler coaipEiBes a low-pass filter bdiI AC caupHng! 

16. The cohezeni feocivcr as d aimed ia Claim 1^ whez«ixx 
ilie coupler comprises an optical hybrid. 

17. A method of delccling carficT lock in a QPSK or 
low-kvcl QAM system haviag s conatdlatioii of signal 
points identified by a plurality of I bits aod Q bio rcspcc- 
lively representing iji-phase aad quadrature compojicnta in; a 
phasor diagram, Ihe phasor diagram iTiduding a ptoiality of 
fiist areas ccnlfirtd on ideal signal poinis representing nomi- 
nal slates and a plurality oC second areas sdjaceai to the fijst 

, ihe method comjiTising the steps of: 



manitoring a plurality oC Ic&s si^ficaot I and O bits; ; 

generating a fiisi signal when a dtiiACted received signal 
has I and Q comg^enis that map onto ono of ihd ficst 
areas; 

generating a second signal when the dclccLcd received 
fdgnal has I and Q componenis that map coin one of the 
second aiea^ 



1014/014 



sec ond area s ^y^s Sbi^Q^-giWWa;* 

!13i. We method as claimed in clain) 18 furlher compxisug 
a step of |dcnDic fi.die ^st areas Q^ff J'^f^ ^ ^® 



second xreas _ , - 

^20. Tfc sKAhod asjdatmcd in claim 17 whecsin the steps 
I of gener^ng a first s&pal «i4 generating a second signil are 
' ladttimplisbed using aldevioe selected from the group c6n- 
. i^-L.^^ — '* - II A — £ii^ looloip table. 
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conq»uting a differ inoe between the first signal and the 
I second Signal; I 

'comparing the diffi itencc 'with a thceshoM value; and 

IgpncrJiiofi a carrier) lock deiecfion signal when tho dif- 
i fcrenoe exceeds threshold. 



! 18. Thk method as claimed in daim 17 fprtber comprising 
ifii'e step of drfiniTig tfe ^first areas by a>,&d<Q^^ A^ 



sisiing of a RAM and 
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